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571 o ABSTRACT

~ An artlﬁcml leg for an above-knee amputatlon The leg
“includes a device for restrannng knee flexion and means
in which motion is produced in response to the apphca- o
“tion of torque about the hip axis. Mechanical means is
~~provided to transfer and apply such motion to the re-
- straining device so as either to cause the restraining o
- device to restrain knee flexion or to release, or assmt In

releasmg, restraint of knee flexion.

6 Claitns, 2 Drawing Figures
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E ~to the shin portion of the leg.
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ARTIFICIAL LEG WITH STABILIZED KNEE '
MECHANISM -

FIELD OF THE INVENTION

This mventlon relates to an artlﬁc1al leg havmg a
stabilized knee mechanism. -

' DESCRIPTION OF THE PRIOR ART

The use of a “stabilized” knee mechanism in antificial
leg is well known, examples having been disclosed in
‘British Pat. Nos. 779,087 and 1,534,181. In these known

examples, the function of a stabilized knee mechanism is

. to restrain, that is, to resist or prevent, flexion of the

knee joint when the leg is bearing the wearer’s weight 5

~.during the stance phase and to allow flexion during the
‘swing phase when the weight has been transferred to
“the other leg. Thus it is known to resist knee Jomt move-

- ment by sensmg the application of a compressive load
on the knee joint, as occurs when the wearer. puts his

2

the restraining device to restrain, that is to resist or
prevent, knee flexion in response to a hip torque tending
to move the thigh rearwards, i.e. a hip extension torque,
the knee can be made to resist or prevent flexion at the
beginning of and during the stance phase and to become
free before the end of the stance phase and before the
whole of the wearer’s weight has been transferred to the

~ other leg. In this way the natural actions of the stump to

10

‘weight on the leg, and causmg a friction band or brake

" to act upon a rotating drum in the knee. The load takes

‘the form of a force actmg at the knee axis and having its

- major component in a direction apprommately parallel

‘A problem associated with known stablllzed knee

| mechamsms is timing the release of the knee restraint to -

“occur at the correct moment, ie. during the period
when the wearer’s welght is being transferred to the
other leg prior to the leg in question being lifted from
the ground for the swing phase. To obtain a relatively
‘natural gait it is important that release should occur
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before all of the wearer’s weight has been removed

from the leg. This requirement has been met with vary-
ing degrees of success by known weight-sensing stabi-
lized knee mechanisms, but the problem remains in that
- careful adjustment is required to obtain on the one hand
~virtually instantaneous restraint when weight is placed
on the leg at the beginning of the stance phase, and on
the other hand correct release of the restraint towards
“the end of the stance phase with part of the wearer’s

S weight remaining on the leg.
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stabilize the leg on contact of the heel with the ground
are used to stabilize the artificial knee, and similarly, the
natural actions of the stump used to flex the knee in the

| walkmg cycle are used to remove, or to assist in remov-
ing, the restraint from the knee. These characteristics
- can be used to achieve a more natural galt x

Preferably the means in which motion is produced m' |
response to the application of hip torque comprises a
linkage connecting a movable lower portion of the

thigh component of the leg to the main portion of the

thigh component, the instantaneous center of rotation of

‘the lower portion relative to the main portion being at

or near the wearer’s natural hip joint axis. Motion in the
linkage may be applied to the knee flexion restrammg_.'
device by a lever-type mechanism, the restraining de- -
vice being in the form of for example a friction band
brake operating on a rotatable drum mounted on the

- shin portion of the leg.

If the instantaneous center of rotatlon of the lmkage
coincides with the natural hip joint axis, the linkage 'is
insensitive to direct linear (i.e. - weight-dependent) -
forces on the hlp joint and is only responsive to torque |
about the hip joint.

In the above-mentioned preferred form there is a |
direct mechanical connection between the linkageanda
friction band brake operating on the external surface of
the rotatable drum. This direct connection provides a

“virtually instantaneous response to changes in hip

torque and also a measure of feedback to the wearer,
both of which features are important in enabling the
wearer to ‘feel’ control of the knee and to develop a
good gait. It is desirable that there should be a minimum

- storage of energy in the components used to apply the

It is also known, from one proposed constructlon to

‘overcome the problem referred to above, to control
- knee stabilization by sensing the hip torque exerted in
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the residual hip joint of the wearer’s stump, but this |

known proposed  construction includes a hip torque
sensor, a knee angle sensor, a microcomputer to receive
~ input signals from the sensors, a servomotor controlled

by the computer, and a hydraulic device controlled by

“the servomotor, the hydraulic device controlling flex-

ion of the leg about the knee axis. This construction is
. rather complex and sophisticated and hence necessarlly
somewhat expenswe and bulky.

SUMMARY OF THE INVENTION |

Itis an ob_]ect of this invention to prowde a solution
to the problem referred to above, using relatively sim-

ple and inexpensive means.
Accordtng to this invention, an artlficlal leg for a
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wearer with an above-knee amputatlon includes a de-

| _v1ce for restralmng knee flexion, a mechanism in which
motion is produced in reSponse to the applrcatlon of |
torque about the hip axis, and a mechanical means for
transferring and applying the said motion to the re-
straining device so as either (i) to cause the restraining
~device to restrain knee flexion or (ii) to release, or to
assmt in releasmg, restramt of knee flemon By causmg
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restraining force and that the components of the linkage

“in particular should be rigid and should only be required

to move by small amounts to achieve the knee ﬂexlon
restraining action. | | o

An unportant advantage of a leg in accordance w1th-
the invention is that the knee may be produced with
relatively few and simple parts. It is therefore relatively
simple and inexpensive to manufacture, and further-
more offers good reliability and ready serviceability. .

BRIEF DESCRIPTION OF THE DRAWINGS

‘An embodiment of the invention will now be de-
scribed by way of example, with reference to the draw- |
ing in which: | - S

FIG. 1 is a diagrammatic side view of a hlp torque

sensing linkage connected to a friction brake; and |

FIG. 21sa dlagram showing the force relatlonshlps' '
between the moving parts of the lmkage of FIG. 1

DESCRIPTION OF THE PREFERRED
- 'EMBODIMENT

' Refernng to FIG. 1, in which the front of the leg is

indicated by the arrow X, the thigh component of an |
artificial leg has a main portion 1 and movable lower
portion 2 pivotally connected to the main portion by .

two links 3 and 4, pm—polnted at 5, 6 and 7, 8 respec-
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tively. The links 3 and 4 are paired, i.e. they have corre-

sponding links on the other side of the movable portion
2 which are not seen in FIG. 1. These two links together
with the two thigh portions 1 and 2 form a *“‘4-bar”
linkage whose geometrical characteristics are such that

the lower thigh portion 2 is rotatable relative to the
main portion 1 about an instantaneous center of rotation

9 (FIG. 2) which in this embodiment is arranged to be

substantially coincident with the wearer’s natural hip

~ joint axis when the links are in the position shown.
The front link 3 has a rearward, cranked extension 3A

- with a third pivot connection 10 to one end of a flexible

10

- brake band 11 which is wrapped around a rotatable -

drum 12 fixed to the shin component (not shown) of the
leg. The other end of the band 11 is attached at 13 to the

 lower thigh portion 2, and the drum 12 is rotatable

about a knee axis 14. The drum and the brake band

- together constitute a knee flexion restraining device in

the form of a friction brake which resists or prevents
motion of the shin component with respect to the thigh

- component when the brake band is tensioned by a

~downward force P (FIG. 2) applied by lever action of

" the link 3, 3A about the pin-joint 6. Thus the link 3,3A

- constitutes a lever having a fulcrum at the pin-point 6.

- Stabilizing action of the knee occurs as follows. Re-

'ferring to FIG. 2, when a hip extension torque T is

~end of the front link 3, resulting in the application at

. joint 10 of a force P1=F-48to the end of the brake band

11. If now an attempt is made to flex he knee joint (i.e.
“to rotate the drum 12 clockwise), friction between the

_ &
center of rotation of a 4-bar linkage, the center 9 may be
allowed to move rearwardly as the linkage is deflected
from its relaxed position, so as to add weight-derived
stabilization as a result of the hip extension torque. Pro-
vision may be made for the position of one or more of
the linkage pivots (5,6,7,8) to be adjustable, enabling the
position of the instantaneous center 9 to be altered, or

the ratio g4 to be altered to suit different wearers. Also,
for example, on hip flexion, the torque is removed,
which would remove the weight-derived knee stabiliza-
tion. Thus hip flexion, in an artificial leg in accordance

~with the invention, could be used to control, or assist in

controllmg, a restra;mmg device which resists or pre-

~vents knee flexion. It is also possible to provide an in-
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herent amount (which can be quite small) of weight

- sensitivity to assist the stabilizing action of the restrain-

ing device, by for example tilting the linkage back-
wards. Thus as seen in FIG. 1 the joint 7 could be

-placed slightly lower than the joint 5 with reference to

the horizontal plane through the knee axis 14. This
would cause the instantaneous center 9 always to be
slightly behind the natural hip joint axis, which would

- make the knee mechanism normally weight-sensitive. In

25

 exerted by the wearer, a force F is applied to the upper
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band and drum causes the tension in the band to in-
~ crease along the band until at the opposite end joint 13

the limiting force at the point of slipping is P;=P;ekr¥,
where u is the coefficient of friction between the band
11 and the drum 12, and @ is the angle of wrap of the

 band 11 about the drum 12. The above expression may

~ be used in conjunction with measured values of typical
~ hip and knee torques to calculate a suitable value for
‘which in this embodiment is equivalent for example to
approximately 1} turns between the joints 10 and 13.

- FIG. 1 also shows the upper end of a known swing

phase control device attached to the lower thlgh por-
tion 2 at 15. -

~ The mechanism shown in the drawing requires means
* for maintaining it in, or returning it to, a neutral, non-
restraining position when the hip extension torque is not

- present. Such means is not shown but may comprise in
known manner a spring or a length of elasticated cord.

- Alternatively, one or both of the links 3 and 4 could be
‘made from a flexible material, with one or both pin-
- Joints of each link being replaced by a non-pin-jointed

connection, using the flexibility of the material to pro-

vide a restoring or self-centering force. |

- The instantaneous center of rotation 9 coincides with
“the natural hip axis only in one position of the links 3
and 4. Therefore, if it is desired to produce a mechanism
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such a construction hip extension torque could be used
to increase the stabilizing effect (i.e. the knee flexion
restraint) and hip flexion torque could be used to reduce

~or even to remove the knee flexion restraint, or it could

be used to assist some other device to reduce or remove
the knee flexion restraint. Further, such reduction or

removal of restraint could be made, by appropriate

adjustment of the positions of the joints, or lengths of
the lmkages to take place at that moment in time when

the knee is to be bent in walking, for instance just before
the termination of the stance phase. In this connection it

may be mentioned that a feature of the known weight-

~ sensitive knee mechanisms is the need to bend the knee
- joint before such termination, while the foot is still in

435
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which 1s virtually insensitive to a linear, weight-depend-

~ent load on the leg, it is advantageous to minimize
- movement of the links. However, the invention is not

limited to stabilizing mechanism which is insensitive to

- weight-dependent load, and linkage may be designed to
. have an instantaneous center of rotation 9 which devi-
- ates from coincidence with the natural hip joint axis; so

as deliberately to introduce a degree of weight sensitiv-

ity to assist the stabilizing action of the knee if required,
~ or to reduce or release the stabilizing action. For exam- -

- ple, using the inherent movement of the instantaneous

65

contact with the ground and consequently while the leg
is still weight-bearing. This means that although it is
desirable to release the knee flexion restraint before the
foot leaves the ground, nevertheless the inherent action

~of the weight-sensitive knee mechanism is to prevent

such release, and this is a disadvantage. It would be
possible to avoid this disadvantage with an artificial leg
in accordance with the present invention. o

- Alternative embodiments (not shown) within the
scope of the invention include a knee mechanism having
an internal brake shoe operating on the internal surface
of the rotatable drum. In addition, one or both links of
the 4-bar linkage may comprise blocks of flexible mate-
rial. The friction brake may be replaced by a pneumatic

or hydraulic piston and cylinder arrangement similar to
- a known swing phase control device, the arrangement

including a valve actuated mechanically by he hip
torque sensing linkage to vary the resmtance to knee
flexion. | - | | |
I claim:
1. An artificial leg for a wearer with an above-knee |
amputation comprising: a device for restraining knee
flexion; means in which motion is produced in response

to the application of torque about the natural hip axis of

the wearer; and mechanical means which is adapted to

‘apply said motion to the restraining device so as either
| (1) to cause the restraining device to restrain knee flex-
on or (ii) to release or to assist in releasmg restraint of
“knee flexion, said means in which motion is produced
- being an upper leg component which includes an upper

part, a lower part movably connected to the upper part
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~and connecting means connecting said upper and lower
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_ the wearer; and mechanical means which is adaptéd to

‘parts and permitting movement of said lower partinthe

‘moves about an instantaneous center of rotation coinci-
dent with or close to the said natural hip axis, said con-
- necting means including a link pivotally connected at its

. its lower end to said lower part. - |
2. An artificial leg according to claim 1 whereln the

- device for restraining knee flexion comprises a drum
- fixed to a lower leg component and a brake member
engaging the drum ancl connected to said mechamcal |
B ) An art1ﬁc1al leg accordmg to claun 1 Wherem sald
| ;mechamcal means mcludes a lever connected to the _
- restraining device. L e
- 4. An artificial Ieg accordlng to claim 1 wherem said

- anterior/posterior direction such that said lower part

“apply said motion to the restraining device so as either
| (1) to cause the restraining device to restrain knee flex-

- jon or (i) to release or to assist in releasmg restraint of

knee flexion, said means in which motjon is produced

- being an upper leg component which includes an upper

o . upper end to said upper part and pwotally connected at -

part, a lower part movably connected to the upper part

‘and connecting means connecting said upper and lower

- parts and permitting movement of said lower part in the

10
~moves about an instantaneous center of rotation conin-
~ cident with or close to the said natural hip axis, said

- connecting means including a four-bar linkage, the first

anterior/posterior direction such that said lower part

- bar being said upper part, the fourth bar being said

15

lower part, and the second and third bars being anterior
and posterior link members pivotally connected at their

respective upper and lower ends to said upper and

| mechamcal means includes a lever connected to the -

restraining device and forming part of sald pwatally'
T 20

8. An artificial leg for a wearer with an above-knee |
- amputation comprlsmg a device for restramlng knee
flexion; means in which motion is produced in response -

. to the apphcatmn af tarque about the natura] h1p axis of e

cennected link at its lower end.

30
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lower parts, the link members constituting connecting

 members between said upper and lower parts.

6. An artificial leg according to claim 5 wherein the

5 relative dispositions of the pivotal connection of the
‘said anterior and posterior link members is such that

the__y produce said instantaneous center of rotation.

EEEEE
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